The pier structure is a common infrastructure in marine engineering. The pier structure has been subjected to complex wave force for a long time, and fatigue failure is likely to occur over time, which may lead to the overall failure of the offshore infrastructure. Therefore, it is very important to analyze the fatigue damage of the pier structure. In this paper, a small-scale isolated pier is taken as an example. First of all, the wave force is simulated based on the Morison equation simulation. Then, the loop counting, which is based on the rain-flow counting method, is introduced. After obtaining the load cycles, the S-N curve theory and the Miner linearity cumulative damage theory are used to estimate fatigue damage. In this paper, a feasible method is proposed for the fatigue damage analysis of the pier structure, which is used as a reference for the design of the pier structure, and provides a means of verification for the subsequent structural fatigue damage analysis theory.
Introduction
The pier structure is one of the most common structural forms, such as the pile foundation of the wharf and offshore platform. It is very important for the marine engineering. The pier structures are in a complex and volatile marine environment for a long time, fatigue damage is likely to occur over time, and ultimately may lead to the overall failure of the infrastructure. Therefore, in consideration of the aspects of human, public safety and social economy, the fatigue analysis of the pier structure is particularly important, so it is mainly carried out in this paper.
The wave force is the main load caused by the fatigue damage of the pillar structure. Characteristic wave method, spectrum method is often used for wave force calculation. However, with the continuous development of the research, the researchers found that the characteristic wave method is suitable for the static calculation. When the wave force is calculated by spectral method, the drag force term is linearized, the processing process is cumbersome, and sometimes the calculation result will be larger deviation [1] . The wave simulation method can be combined with the computer software MATLAB, the wave spectrum as a target spectrum and simulation results to get better results; and the operation speed faster than other methods. According to the size of the pillar structure can be divided into large-scale pier column structure and small-scale pier column structure. And for the small-scale pier structure, the Morison equation is used to calculate the wave force [2] . In this paper, the Morison equation and the programming software MATLAB are combined to simulate the wave. The wave force is a random fatigue load with non -Gaussian properties. The load-time course is complex and variable. At this stage, the random fatigue caused by this non -Gaussian random load is still in the initial stage. [3] and [4] had given some methods to solve the random fatigue caused by this non -Gaussian random load. But previous studies have performed non-Gaussian loads by model or correction factors or Gaussian approximations, but this may result in filtering out useful information in the original non-Gaussian load signal, resulting in a high or low fatigue damage value.
The load cycling in non-Gaussian loads is the main cause of structural failure [5, 6] . The stress range and the number of cycles of the non -Gaussian load process are randomly uncertain. The counting process is often used to count the load process. And the rain-flow counting method is most consistent with the stress-strain characteristics of the material, which reflects the memory characteristics of the material, and has a clear concept of mechanics, which has been widely used in recent years [5] . Therefore, this paper uses the rain flow counting method to calculate the wave force cycle. In this paper, the small-scale isolated pier structure is taken as an example. The wave load can be expressed as a discrete load cycle. The counting results are expressed by the stress amplitude range and the fatigue damage is analyzed by S-N curve and to evaluate.
Methods

Numerical Simulation of Wave Force
In this paper, the improved P-M (Pierson-Moscowitz) wave spectrum is selected as the target spectrum and applied to the numerical simulation of wave force. As shown in Eq.1. 
In Eq. 1, ω is the frequency of the wave spectrum; A and B are the coefficients in the wave spectrum formula; s H and 0,1 T are the effective wave height and the zero period. The waves can be seen as a smooth stochastic process. It is theoretically should be infinitely many different cycles and different initial phase of the cosine wave superposition, for a fixed point (that is, the relative position is zero):   , the calculation of the spectrum can be outside the range of energy negligible. Let
,the spectrum be divided into m intervals, where each cell corresponds to a cosine wave, and the m cosine waves are superimposed to obtain the wave-front equation:
The horizontal velocity and acceleration of the fluctuating water quality can be expressed as:
In Eq. 4 and Eq. 5:
is the wavelength of the i th wave; z is the center of the cylinder; d is the water depth.
Assuming that the total height of the pier is l, the height below the surface is d. The formulas Eq. 4 and Eq. 5 are given the formula of the total inertia force, the total drag force and the total wave force with time,
The total wave force is: 
In Eq. 8, is the resistance coefficient.
Program Implementation of Improved Rain-flow Counting Method (1) peak and valley value extraction
Due to the continuity of the wave force process, it is inconvenient to extract the load cycle from it, so it is discretized first, ie, the peak-valley extraction. After obtaining a load sequence having only peak and valley values, the rain flow counting process is performed.
(
2) a rain flow count processing
As shown in Figure 1 , points 1, 2, 3, 4 are four consecutive points, where S represents the stress. As can be seen from Figure 1 
(3) secondary
rain-flow count processing Through the above steps, the load-time course is subjected to rain flow counting, our large load cycle and a residual load sequence. But only through a rain flow count processing can not extract the original load -the time course of all the cycle, there is still part of the cycle hidden in the residual load sequence, so the remaining load sequence for the second rain flow count to ensure that subsequent fatigue damage As well as the accuracy and accuracy of life calculation.
Since the residual load sequence does not satisfy the above-mentioned load cycle extraction conditions, the residual load sequence is processed as follows: {Residual load sequence 1} + {residual load sequence 1} ={residual load sequence 2} + {load cycle} In this paper, the remaining load sequences are replicated to obtain two identical residual load sequences. Then, the two sequences are connected to each other to obtain a new load sequence, and the above steps are repeated to extract the sequence.
In this paper, the above-mentioned improved rain flow counting method is transformed into rain flow counting program. The flow chart of the program algorithm is as follows.
Fatigue Damage Calculation Theory
In this paper, we use the S-N curve combined with the Miner linear cumulative damage theory to calculate the fatigue damage of the pier structure caused by the wave force. In this paper, we give the power function form of S-N curve: m N S C  (9) In the Eq. 9, N is the number of cycles; S is stress variation range; m, C is parameters that are related to the material, stress ratio, loading method .
According to the Miner linear cumulative damage theory, the fatigue cumulative damage intensity D of the structure is: The fatigue damage calculation formula (Eq.12) can be deduced from the above S-N curve and Miner linear cumulative damage theory. 
Example
A typical offshore platform supports the diameter of the isolated pier structure D is 1m, the total height is l, located at the depth of sea water d is 24m, known effective wave height is 6m, across the zero cycle is 10s, for this case the total wave force, The wave spectrum using improved P-M spectrum. The velocity coefficient is 1.2, the inertial force coefficient is 2.0, g is 9.8, the center height of the cylinder z is 12m, the simulation time t is 10000s.
The numerical result obtained by numerical simulation of MATLAB is shown in Figure3. 24 Figure 3 . Simulated wave force curve.
The wave force process for the second rain-flow count processing: The wave force process is subjected to the above-mentioned rain flow counting process, and some series of load cycles are obtained. According to the Eq. 12, the fatigue damage of the above-mentioned small-scale isolated pier structure in 10000s is 0.0345.
Conclusion
In this paper, a non-Gaussian load fatigue damage estimation method based on improved rain flow counting method is proposed to estimate the fatigue damage of pier structure due to wave force. In this paper, the small-scale isolated pier structure is taken as an example. Firstly, the wave force process is obtained by simulating the Morison equation. Then, the improved rain flow counting method is transformed into rain flow program, and the load cycle is processed by the wave force process. The fatigue damage is estimated by S-N curve and Miner linear cumulative damage theory.
In this paper, a large fatigue damage estimation method is widely used, which can be used not only to estimate the fatigue damage caused by wave force, but also to estimate the fatigue damage caused by non-Gaussian load similar to the wave force process. Not only that, this paper will implement the rain flow counting method, the program open source, can be regarded as a program module embedded in other programs. The fatigue damage is estimated by this method, and the results can be used in the prediction of the structural fatigue life. This paper proves the feasibility of the application of rain flow counting method in practical engineering fatigue damage analysis, which can be used as reference for fatigue damage research and can be used to test the rationality of analytical model of fatigue damage.
